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INTRCOULCTICN

It is alrearly s wzll ssteblisned thoory thet chemicel
gvnlution, i.e. wvolution on the molecelsr level, has preceded
the appearcnce of the first living coll oo the earth,  Current
concepts suggest that a relatively sianle primitlve atmosphere,
consisting of mgthane, emmonia, water, and zlso probably some
molecule. bycroyen unoer influence of ultraviolet radiation,
glectrical discharges acd high energy redictions bas besn trons-
formed into more complicated compounds (1, 2, 3). It hss been
generally accepted that the tem.erusturc at the time of this
transformation was less than 100°C. The rew material thus
produced, ~ccuw uleteo in pools of water tnet cundensed, forming
an oryonic millieu, i.e. the nonliving mixture of carbuon compounds
which is generally corsidered as a prorw visite of the origin of
life. some estimates mAace by Urey (27 indicate that the primitive
agceans micht have contained as much as 10 per cent of dissclved
organic compouncs. The synthesis of these raw materiels continued
until a stete of ecuilibrium was reached, in which the action of
available energy sources procuced as muct of the raw material as
it destroyed. In this perioo of time only relutively simgle
mulccﬁles couly be foramed because the wmore compsliceted and labile
ones would to vestroyed by the energetic ultreviolet radiation
reaciing the surfroe of the esrth, unucreened by the ozone loyer,

witich Now protects Lne corth,



Thoe sbove theories of [parin (1) and Lrey (2) have been
sulr jecteo to rigid lsloratory tes:s by iller (4,5), Pavlovskaya
end Pasyrskii (6), Hbelson (7)), Uré (8), tasselstrom (3), Paschke (107,
and others (11, 12). This laboratory work has produced various
products of biochemical importance, such as amino acids, aliphatic
acids, polyhydroxy compounds, aldehydes anoc urea. Subjecting these
simple molecules to further acticn of ultraviclet radiation or mild
heatinc,produced a varigty of complex organic molecules. Such
higher order reactions, Fog example, result in production of poly-
pepti@es fram amino acias, es demonstreted by Fox (13, 14), Akabori (157,

Doty (16), and others (17), in actual leboratory experiments.

t

In the reviewed liferature, most of the suthors (1, 18, 19, 20)
.dealing with the problem of the origin of lifz, =re convinced that
at some stace of chemical evolutiocn, paorphyrins must have developed.
HowoveT, until recently there was no laborstury evidence that
porohyrins or porpﬁine-likevsubstances could be synthesized from
pgrecursors which were avoilutle Jurin ot cmriet of chemical

evalution on earch.

It has been shown in our previcus paper (21), that porphine-
like substances, specifically a, B+ Y, 5'—tatraphenylporphinas, can
be synthesized from simple precursors using y-radiation for activation

JurpDses.

This paper presents another observation having cirect bearing

on the formation of the osrganic millieu, namely the synthesis of

porphine-like substances from simple “TreECUIrSOTS.



EAFCRIMENTHL FRUCEOURE

A system, consisting of 3 ml of fresily distilled pyrrole.
6 ml of benzaldehyae, and & ml of weter, was placed in a 250 ml
beaker, and then irraiiated, at a distance of 25 cm with ultra-
violet light, using a 100 Watt Hanovia Utility Mouel Lamp. The
radiation transmitted through the filter was 45 per cent at 2500 R,
90 per cent at 3000 A and the output of the lamp was 1.5xlD15 guanta
per Sec per cm2 or 5xlD16 quanta per sec per area of the mixture
exposed toward radiation. The doses were measured by chemical
actinometry, using an uranyl oxalate actinometer according to
Forbes and Heidt (22). After exposure, the reddish-brown solution
‘was diluted with approximately 20 ml of chloroform and washed with
20 ml of distilled water. After separation in & separatory Fuhnel.
the agueous layer was discaided, and the chloroform layer was
transferred into a -beaker charged with approximately 20 g of
anhydrous sodium sulfate to.remove the excess of water. The sodium
sulfate was then filtered off and discarded, while the filtrate was
made up ta 50 ml vdlume with chloroform and stored for the guan-

titative determination of porphines.

The final product separation was accomplished by column chroma-
tography, using activsted alumina (F-20) and Florosil (60-100 mesh)
as adsurﬁents and fresh chloroform as eluent. Two chromatographic
treatments on alumina and three to four chromatoyraphic separations

on Florosil yielded pure product. The porphines appeared in



eluents and collections of eluent were continued until no Soret
band appeared in the effluent. The final <pectrun of the product
was recorded on a Bausch and Lomb Spectronic 505 recording spectro-

photometer, using benzene as a solvent.

A typical spectrum of compound isclated from irradisted mixture
and the reference spectrum of the compound synthesized by the method
of Ball, et al. (23), are presented in Fig. 1. ©Both spectra are
identical with those gbtained by Thamas et al. (24), and Dorough
et al. (25). For guantitative estimation of the yield, the molar
extinction coefficient of lB.?xlD3 at 515 mu maximum was used, as
suggested by Thomas and Martell (24). Identity of the compound was
further established by the formation of a zinc chelate, accarcding to
the procedure of Rothewund and Menotti (26), and Dorough et al; (25).
Both spectra, the reference-zinc chelate and the chelate of the

compound isclated from the irradiated mixture are identicsl, as

shown in Fig. 2.

The same mixture of pyrrole, benzaldehyde and water when
placed in the dark without irradiation, also produced porphines.
The isolation and quantitative determination of porphines was

done by the same methods used for irradiated mixtures.

If, instead of water, pyridine was uszd as a saolvent in the
system, and the mixture wass then irrsdiztecd for two hours, no
porphirme-like substances could be detected by previously used methods.

Lging of the mixture for ten days produced only traces of porphines.



Fig. 3 represents the totil yielos of porghines isclated
from the stored mixtures, plotted egeinst time cf stnrege. Each

line in this graph represents different irradistion periods.

CISCUSSICN

Literature dealing with the origin of 1life, particularly the
role of porphines and porphyrins in life's origin have raised several
impartant guestions., As yet, they are unanswered; the future can

and must answer them,

In our present study we have shown that porphine-like structures
can bes synthesized in the presence of oxygen from precursors which
were availahtle in the very earliest stege of chemical evolution.
Aldenydes were found in products of the action of electrical dis-
charyes on the Urey atmosphere in Miller': zxgeriment (4, 5). Pyrroles
and pyrrolidines were easily formed from ammonia, acetylens, and
other unsatursated hydrocarbons by simple catalysis or under influence
of ultraviolet raciation (1). In addition, Lichtin (27) found
nyrroles as the major product of the reaction of active nitrogen

with 1,3=-butadienes.

The results of this study also indic:te that the presence of
water, or rather the suspensicn of the orgsnic matter in water,
increasus tie yiela of por.hine like substanca+ --nelderably,

Cparin (1), and Halcane (3), have already indicotod the possibility



of evolution of living matter from the pools rich in organic matter,
rather than on solid surfaces. The concentration of organic matter
could be guite high, if part of the water solvent evaporated, as the

case might be in lakes and lagoons.

The increase in the yield of porphine-like substances, on
stanaing, shows that a process of autocatalysis takes place. This
process, pcstulated bty Calvin (19), now can be supported by

experimental evidence.

There is a ceneral agreement among many authors that synthesis
of porphyrins is a necessary step for the origin of life. However,
the question of the time of the appearance of porphyrins is subject to
.discussion. Gaffron (18), and Calvin (19), support the idea that
parphyrins were alreedy active in the very eesrliest quasi-living
organic structures. Miller and Urey (5), consider this not a necessity
and suggest that pbrphyrins'may have arisen during the evolution of
orimitive organisms. Strughold and Ritter (28), consider pre-existing
stores of oxygen, proJuced by photochemical cissociation of water,
as o prerequisite for the formation anc development of chlorophyll,
while the heme types of porphyrins were formed about 1 to 1.5

billion years later.

At the present time, it seems to be impossible to determine
at what stsge of chemical evolution, porphine-like substances
developed. In the present living processes, porphine-like sutbstances
find a great variety of uses, such as fermentation, respiration, and

photosynthesis. The metabolism of sulfates, iron; nitrogen, hydraogen,



znd oxygen also require porphrins.  In adoitiun, on interesting
observation was made by Ealtrop (19c) cn the formation of pyro-
phosphates from phosphates in presence of forrous pgrotoporphyrins,
A1l these facts woulu suggest that porpbyrins evolved prebiologically
in order to facilitate the evolution of seemingly living organic
structures up to the gresent state., Tnis would place the appearance

of porphyrins in the oxygen free perioc of chemical evulution.

Un the other hand, atter the stores of simpler organic compounds
reached the saturation point, in the first stzpe of chemical evolution,
there was need for a reduction of the eneryy level of the source in
order to continue chemical evolution to @ more complicated nature.
Photolysis of water and the formation of an ozone layer cut out ultra-
violet radiection completely, while visillc 1iiinit itself did not provide
gnough energy for chemical synthesis. Witn the ald of porphyrins and
especially their metal chelates, chemic:l transformations such as

hydrogen transfer or oxidation could occur.

Simultaneously with this event, hydroen yeroxide appeared.,  1f
it remained in contact with orgenic suhstanoo 5, tho results would be

fatal. Therefore, in order to continue crnooic !l cvolution, it was

necessary that a mechanism be developed for the swstruction of vast
amaunts of hydrogen peroxide. Celvin (Qltry, ho clready pointed nut
that incorporstion of ferric iron into = bion:i-typz molecule wculd
increase the catalytic activity of iron by -« {ootur of 103 and the

addition of certain protein arrangements by on oadoitional factor of

105.

The last two arguments indicete toct with the trensition of

e



&

the reductive atmosphere intag oxidative, an immediate need was
created for the porphine-like substances. This necd served as an
evolutionary selection pressure for the synthesis of porphine-like

substonces.
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IRRADIATION CONDITIONS:

O MRS iN PYRIDINE
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